Background {#Sec1}
==========

SARS-CoV-2 (2019-nCov), which showed up in China in December 2019 and spread all over the world, has become a serious health problem. Concomitant diseases and older age increase the risk of mortality. An effective, safe and proven treatment has not yet been found. Chloroquine/hydroxychloroquine used for the treatment of malaria inhibits the replication of many DNA and RNA viruses, including human coronaviruses \[[@CR1]\]. Chloroquine has been shown to inhibit SARS-CoV-2 in vitro and has been recommended by some authors to be used for the treatment of patients infected with this virus \[[@CR2], [@CR3]\]. Thanks to the weak base properties, chloroquine and hydroxychloroquine increase acidic the pH of intracellular organelles such as endosome/lysosome and prevent enveloped viruses such as coronavirus from penetrating into the cell. In long-term use, chloroquine may have side effects such as retinopathy and cardiomyopathy \[[@CR4]--[@CR6]\]. This has led to the search for a safer drug with antiviral and immunomodulatory properties that can be used for the treatment of covid-19. Artesunate is a semisynthetic derivative of artemisinin, an antimalarial drug, which is obtained from the plant Artemisia annua L. Artemisia annua L. is a plant that has been used in traditional Chinese medicine for centuries. Artemisinin has also been defined by the World Health Organization as "the best hope for malaria treatment". In a study published in 2004, Hoppe et al. mentioned the decreasing clinical benefits and toxic properties of quinolone antimalarials chloroquine and mefloquine due to the growing parasite resistance, and have emphasized that artemisinin is a highly potent antimalarial drug and can overcome the resistance problems experienced with the quinoline drugs. They also demonstrated in this study that artemisinin inhibited endocytosis more strongly than chloroquine, and unlike chloroquine, did not cause inhibition of transport vesicle-vacuole fusion \[[@CR7]\].

Artesunate may inhibit NF-kB (Nuclear Factor kappa B) downregulation and viral protein synthesis, disrupting the early phase of viral replication \[[@CR8], [@CR9]\]. Kaptein et al. showed in their study published in 2006 that artesunate inhibited the replication of cytomegalovirus in vivo and in vitro \[[@CR10]\]. Artesunate has the highest antiviral activity against HCMV (Human Cytomegalovirus) among the derivatives of artemisinin \[[@CR11]\]. Artemisinin/artesunate has been shown to inhibit the reproduction of hepatitis B virus in vitro \[[@CR12]\]. Artemisinin also inhibits the replication of hepatitis C replicon, which, just like SARS-CoV-2, is a single-stranded RNA virus \[[@CR13]\]. Dai et al. found in their study in 2015 that artesunate inhibits hepatitis C replication in vitro better than ribavirin but worse than interferon-2b(IFN), while the combination of IFN and artesunate showed synergistic effects \[[@CR14]\]. Sharma et al. demonstrated artesunate to inhibit the replication of JC polyomavirus (involved in the pathogenesis of progressive multifocal leukoencephalopathy) in vitro \[[@CR15]\].

Coronavirus primarily involves the upper respiratory tract and causes an increase in the host immune response \[[@CR16]\]. The inflammatory response increases with the activation of NF-κB in the host infected with coronavirus, and the production of proinflammatory cytokines and chemokines significantly affects the course of the disease \[[@CR17], [@CR18]\]. The inflammatory response in SARS-CoV-2 infection has not been elucidated completely, and uncontrolled release of inflammatory cytokines is thought to be responsible for the pathogenesis of the disease. The SARS-CoV-2 infection causes a fatal inflammatory response and acute lung injury \[[@CR19]\]. Being an important regulator of host immune responses against invading pathogens, NFκB has been shown to be affected in both MERS-CoV and SARS-CoV infections \[[@CR17], [@CR20]\]. Christman et al. reported that NF-κB has a key role in the pathogenesis of many lung diseases \[[@CR21]\]. Artesunate demonstrates its anti-inflammatory activities over NF-kB. Artesunate is thought to inhibit IL-1β (interleukin-1beta), IL-6 (interleukin 6) and IL-8 (interleukin 8) production through inhibition of the NF-κB signal pathway \[[@CR22]\].

Increased secretion of IL-1β, IFN-γ (Interferon gamma), IP-10 (induced protein 1), MCP-1 (Monocyte chemoattractant protein-1), IL-4 (interleukin 4), and IL-10 (interleukin 10) secretion is seen in patients infected with SARS-Cov-2 \[[@CR23]\]. One ex vivo experiment by Chu et al. demonstrated SARS-CoV-2 to cause an upregulation of IL6, MCP1, CXCL1 \[chemokine (C-X-C motif) ligand 1\], CXCL5 \[chemokine (C-X-C motif) ligand 5\] and CXLC10 \[chemokine (C-X-C motif) ligand 10, (IP10)\] \[[@CR24]\]. Research suggests that elevated serum IL-6 levels may constitute a biomarker for severe disease progression \[[@CR25]\]. IL-6 has a crucial role in cytokine release syndrome (CRS), which occurs during SARS-CoV-2 infection, suggesting that controlling IL-6 can affect the course of the disease positively \[[@CR26]\]. Among patients infected with SARS-CoV-2, those with severe disease progression have been shown to have significantly higher levels of IL-2 (interleukin 2), IL-7 (interleukin 7), IL-10, G-CSF (Granulocyte-colony stimulating factor), IP-10, MCP1, MIP1a (Macrophage inflammatory protein 1-alpha) and TNF-α (tumor necrosis factor-alpha) compared to those with a mild course \[[@CR23]\]. Li et al. reported in their study published in 2020 reviewing coronavirus infection and immune response that viral infections triggered the host immune response; however, increased and uncontrolled immune response was responsible for the pathogenesis of the disease. In cases of Cov pneumonia, control of cytokine production and inflammatory response may exhibit a positive effect by reducing cell and fluid collection \[[@CR27]\].

Artemisinin and its derivatives have anti-inflammatory and immune regulatory effects \[[@CR28]\]. Artesunate has been reported to be effective in systemic lupus erythematosus, rheumatoid arthritis and allergic contact dermatitis \[[@CR22], [@CR29], [@CR30]\]. It has been demonstrated that artemisinin and its derivatives suppress the production of IL-2, inhibit nitric oxide synthase and NF-κB activation, thereby providing the treatment of rheumatoid arthritis \[[@CR31], [@CR32]\]. It has been demonstrated that artesunate can regulate the effects of regulator T cells via NF-κB/p65 and Smad2/3-dependent TGF-β (Transforming growth factor beta) signaling \[[@CR33]\]. Jiang et al. reported that artesunate showed anti-inflammatory activity by causing a decrease in TNF-α and IL-6 levels \[[@CR34]\]. Mo et al. found artesunate to significantly reduce th expression of MCP-1 and TNF-α in serum \[[@CR35]\].

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) was first isolated in 2012 and is a virus believed to have evolved from bat coronaviruses such as SARS-CoV and SARS-CoV-2 \[[@CR36], [@CR37]\]. Since NF-κB is an important regulator of host immune responses against invading pathogens, many viral proteins have been shown to affect NF-κB, including MERS-CoV proteins. Canton et al. reported that MERS-CoV 4b protein was required for the inhibition of NF-κB activation in MERS-CoV infection \[[@CR38], [@CR39]\]. While NF-κB is seen mostly outside the nucleus during infection, ORF4b has been found to be localized in the nucleus. Moreover, in the absence of functional ORF4b protein, NF-κB could pass into the nucleus and express pro-inflammatory cytokines such as TNF-α and IL-8. Furthermore, it has been demonstrated that in the cytoplasm, MERS-CoV 4b protein interacts with karyopherin-α4, an importin α2 family member, in a nuclear localization signal (NLS)-dependent manner, resulting in its inability to bind to a subunit (p65) of NF-κB. Considering the roles of NF-κB in not only innate but also adaptive immune responses, it is still likely that other MERS-CoV proteins may target NF-κB to alter the host immune response. Indeed, in another study, MERS-CoV-derived ORF4a and ORF8b proteins have been shown to antagonize NF-κB \[[@CR20]\]. Therefore, there is a possibility that SARS-CoV-2 may increase its activity through NF-κB inhibition during the infection, as in MERS-CoV from the same virus family.

Conclusion {#Sec2}
==========

Artesunate was thought to be an effective treatment for covid-19 because of its the above-mentioned anti-inflammatory activity, NF-κB-coronavirus effect and chloroquine-like endocytosis inhibition mechanism.
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